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Lightcone wave functions and

parton branchings

M. Sievert et al . (2018)

Example * . = The technique of lightcone wavefunctions
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» (Certain advantages — can provide in “one shot” both massive and massless
splitting functions
= Have checked that results agree for massless and massive DGLAP splittings



In-medium parton splitting

functions

Ovanesyan et al. (2012)
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Results in e+p, NLO corrections

5GeVx40 GeV | 10GeVx100GeV | 18 GeVx275 GeV
Factorization formula ppGeVl | 1231 | [5.6] 23] | [5.6] 2,3] [5,6]
o+ | LO [53%10° | 24260 [ 1.4x107 [3.0x10° [ 29x107 [ 9.6 x 10°
NLO | 1.I1x 107 | 69473 |2.8x107 | 6.1x 10° | 5.6% 107 | 1.9 x 10°
d3 o tN—hX dx oo | LO [ 14x10°] 3242 [86x10°| 89952 |3.1x107 | 6.6 10°
Ey—— = — Z f f ’/N(x,,u) NLO | 3.7x 10° | 8536 | 2.1x107 | 2.1x10° | 7.2x 10" | 1.5 x 106
d3Ph 0 g | LO [37x 10° | 1171 [24x10°| 28413 [9.0x10° | 2.0x10°
NLO | 1.Ix10° | 3333 |62x10°| 72329 |2.1x107 |4.7x10°

hlf ni—sf v/t yi—f
x DTG ,u)[ *Jren (S + u"u) v ] - Example of light, charm, and bottom hadron multiplicities
120 . : : : at the EIC in selected pT bins to lowest and next-to-leading
o Sk 1§+275 Fev order. We have integrated over the hadron pseudo-rapidity
S<P1<6 GeV is the interval -2 < n <4 and used a typical one year

% 80p-- 7*,LO integrated luminosity of 10 fb™ in e+p collisions
9 — 7" NLO
2 60f-- 29L0

The resolved photon contribution (with WW
photons) gives a large contribution - 40-50%
of the NLO correction

AT 7’ NLO
=2 40f-- 7 ,LO
o

Generally production is at more forward
rapidities. Most pronounced for pions.
Differences are attributed to parton
distributions

The WW contribution not included
In the figure



Modification of light hadrons at

HERMES

= Account for nuclear geometry, i.e. the
production point and the path length of
propagation of the hard parton, NLO

Nucleus

RZA(Va QZ’ Z) =

N"(v,0*2)
Ne(v,0%) |4
N"(v,0%,2)

Ne(v,0%) |p

In-medium evolution of
fragmentation functions
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= We constrain a range of transport properties

to explore from HERMES

Transport u?

properties: 2@ =0.12
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Light flavor suppression at the

EIC
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* Thisis the figure that illustrates the
usefulness of smaller CM energies and
forward rapidities.

This is to study in-medium evolution /
energy loss

Light pions show the largest nuclear suppression
at the EIC. However to differentiate models of
hadronization heavy flavor mesons are necessary
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H. Liet al. (2020)



Jet production

Z. Kang et al. (2016) L. Dai et al. (2016)

A useful modern way (though not unique)
to calculate jet cross sections

Factorization formula
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In-medium jet functions

= Similarly for gluon jets
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H. Li et al. (2020)



Jet results at the EIC

= The physics of reconstructed "8 GeY x275GeV erAu Antick, 2<i<d R=05 -
jet modification [ ]
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H. Li et al. (2020)

Two types of nhuclear effect play a role - .
YP play = Net modification 20-30% even at

- Initial-state effects parametrized in nuclear the highest CM energy

parton distribution functions or nPDFs = E-loss has laraer role at lower
- Final-state effects from the interaction of g Pr-

the jet and the nuclear medium —in- The EMC effect at larger pr
medium parton showers and jet energy loss



Separating initial-state from

final-state effects at EIC

A key question — will benefit both nPDF
extraction and understanding
hadronization / nuclear matter transport
properties - how to separate initial-state
and final-state effects?

Define the ratio of modifications for 2 radii
(it is a double ratio)

Rr = Rea(R)/ Rea(R = 1)

= Jet energy loss effects are larger at
smaller center of mass energies
(electron-nuclear beam combinations)

» Effects can be almost a factor of 2 for
small radii. Remarkable as it approaches

magnitudes observed in heavy ion
collisions (QGP)
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H. Li et al. (2020)

Initial-state effects are successfully
eliminated
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nPDF Effects and effectiveness of

initial/final separation

=  We further checked the effectiveness of such initial / final state effect separation.
Used nCTEQa5 and EPPS16 — in the double ratios the difference is invisible
= When we look at the absolute cross section we see that the differences are and they

are surprisingly small.

= The physics will be readily accessible at the EIC

18 GeV x 275 GeV, 2<n<4 nCTEQ15 R=0.3

nCTEQ15 R=0.5
EPPS16
nCTEQ15 R=0.8

nCTEQ15 R=1.0

\
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Even the absolute cross section
modification is very similar between
different PDF sets
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Initial-state effects are successfully
eliminated



Jet substructure at the EIC —the

jet charge

A fundamental prediction of the theory of jets in reactions with nuclei is that
inclusive and tagged cross section modifications are related to substructure
modification Substructure is a modern way of saying — jet shapes, jet fragmentation

functions, jet charge, etc

The Jet charge R. Field et al. (1978)
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Note that gluons do not contribute to the jet charge
on average. We will need quark jet and
fragmentation functions and matching coefficients
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Average Jet Charge [e]

Has been used extensively to
determine the partonic origin of jets
Renewed interest in the past 10
years as it has been computed more
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Jet charge in e+A at the EIC

Jet substructure — jet shapes, splitting functions, fragment. functions, charge ... can
improve the understanding of the role of heavy quark mass, dead cone effect, etc
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First calculation of the jet charge at EIC -
understand medium-induced scaling violations
and isospin symmetry braking in nuclei

= Medium-induced scaling violation of the
individual flavor and average jet charge



Conclusions

= e+A collisions are an important part of the EIC program. They can
Erowde_ information about nuclear PDFs, the physics of
adronization, and transport of energy and matter in the nuclear

environment

» To study the physics of hadronization, particle propaqation in
matter lower CM energies, forward rapidity and highluminosity
are very beneficial

= We have derived in-medium slitting functions and developed
codes to evaluate them numerically

= Based on these, fist calculations of light/heavy flavor production,
jets, and jet substructure are available. We successfully developed
strategies to separate initial-state from final state effects to
facilitate both the extraction of nPDFs and cold nuclear matter

tomography



